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Description 

The present invention relates to a laser oscilla- 
tor output controlling apparatus and method. More 
specifically, the invention relates to a laser oscilla- 
tor employed as a laser source for use in machin- 
ing operations such as cutting a workpiece. 

Description of the Background Art 

A conventional laser oscillator output control- 
ling apparatus is shown in Fig. 9. In such appara- 
tus, a part of the output 3 from laser oscillator 1 is 
diverted by a partial reflector 2 so that the intensity 
of the laser output 3 can be detected by a laser 
output detector 4. An error amplifier 6 compares an 
external intensity command 5 with the intensity of 
the laser output as detected by detector 4 and 
amplifies the resulting error value for input to the 
laser oscillator 1, thereby controlling the laser os- 
cillator 1 to produce a laser output 3B with a 
desired intensity level. 

Since the laser output detector 4 includes a 
thermocouple, the controlling apparatus is slow in 
responding to a change in external intensity com- 
mand 5. To overcome this problem, a laser output 
controlling apparatus as shown in Fig. 10 has been 
used. Such a conventional laser output controlling 
apparatus is disclosed, for example, in Japanese 
Patent Disclosure Publication No. 202794/1982, 
and U.S. Patent No. 3,806,829. 

As shown in Fig. 10, the controlling apparatus 
is composed of a laser oscillator 1 , a partial reflec- 
tor 2 for diverting a fractional part (e.g., 1 or 2 %) 
of laser output 3 of the laser oscillator 1, a laser 
output detector 4 for detecting the intensity of the 
diverted beam 3A, an external intensity command 5 
for controlling the intensity of the laser output 3, a 
processing unit 7 for receiving the output of the 
laser output detector 4 and the external intensity 
command 5, and a storage device 8 for storing the 
input/output characteristic (pattern) of the laser os- 
cillator 1. In operation, the pattern stored in the 
input/output pattern storage device 8 is used by the 
processing unit 7 to determine an input laser os- 
cillator signal based on the output of the laser 
output detector 4 and the command 5. The pro- 
cessing unit 7 outputs the resulting output pattern 
to the laser oscillator 1 as a laser oscillator input 
signal 9, thereby causing the laser output 3 of the 
laser oscillator 1 to change until it reaches the 
desired intensity value represented by the external 
intensity command 5. 

The operation of the known laser output con- 
trolling apparatus arranged as described above will 
now be described in more detail with reference to 
Fig. 11(a), which illustrates the input/output char- 
acteristic of the laser oscillator 1 as a line through 



points a and b. 

Assuming that the desired intensity of the laser 
output as represented by external command 5 is 
Ya, the required input (i.e., laser oscillator input 

5 signal 9) value of the laser oscillator 1 according to 
the input/output characteristic would be Xa. In a 
steady-state condition, the value of the external 
command 5 and the value of the laser output 3 are 
equal, i.e., both have axis value Ya. However, when 

10 the command 5 is suddenly changed to Yb, the 
processing unit 7 must now produce an output 
value Xb based on the pattern stored in storage 
device 8 and the command value Yb. By changing 
the laser oscillator input signal 9 of the laser os- 

75 cillator to Xb the laser oscillator 1 is controlled to 
change the laser output 3 to the new desired value 
Yb. 

In the above description, the line drawn 
through points a and b represents the normal in- 

20 put/output characteristic pattern of the laser oscilla- 
tor 1. When the normal characteristic pattern has 
changed, however, the characteristic shifts to the 
line connecting points a' and b' in Fig. 11(a). Be- 
cause of this change, the pattern stored in storage 

25 device 8 will not provide processing unit 7 with 
accurate characteristic data to produce a laser os- 
cillator input signal. To overcome this problem, 
processing unit 7 automatically compensates for 
the shift so that the laser output 3 can be con- 

30 trolled to output the desired intensity irrespective of 
the shift in characteristics. This shift, however, 
must be detected prior to operation because the 
conventional apparatus does not perform the com- 
pensation in a case where the shift occurs during 

35 operation (e.g., while cutting a workpiece). In the 
conventional apparatus, no consideration is given 
to control in an on-line mode (i.e., when a work- 
piece is actually being cut using the laser beam 
output by the laser oscillator). Thus, it may be 

40 difficult to apply this type of controlling apparatus 
on-line. 

The conventional laser output controlling ap- 
paratus arranged as described above has many 
other disadvantages. For example, the laser output 

45 detector 4 cannot accurately detect the value of the 
laser output 3 at the time the input signal 9 is 
changed (e.g., from Ya to Yb) because the detector 
employed has an inherent delay in responding to 
change in laser output. Specifically, when laser 

so oscillator input signal 9 is received, laser oscillator 
1 produces laser output 3. However, the speed of 
response of laser output 3 to the laser oscillator 
input signal 9 is quicker than the response speed 
of laser output detector 4 (i.e., the response speed 

55 of laser output detector 4 to laser output 3). When 
a desired value of output command 5 is given to 
processing unit 7, processing unit 7 refers to the 
input/output characteristic of the laser oscillator 1 
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stored in the output pattern storage device 8 and 
reads the value of laser oscillator input signal 9 
corresponding to a desired value of output com- 
mand 5 and sends it to the laser oscillator 1 as 
laser oscillator input signal 9. Specifically, this laser 
oscillator output controlling apparatus will not feed- 
back control the laser output 3 to be a desired 
value of output command 5, based on the laser 
output value detected by laser output detector 4, 
but as described above, it will refer to an in- 
put/output characteristic of laser oscillator 1 stored 
in output pattern storage device 8 and will read the 
value of laser oscillator input signal 9 correspond- 
ing to a desired value of output command 5 and 
will send it to the laser oscillator 1. It is not a 
feedback control. And furthermore, as described 
above, response speed of laser output 3 to laser 
oscillator input signal 9 is so fast as to be almost 
instantaneous. Therefore, even if laser output de- 
tector 4 cannot accurately detect the value of laser 
output 3, even if a detector which is slow in re- 
sponding is used, laser oscillator input signal 9 can 
be set irrespective of the output of laser output 
detector 4 by processing unit 7 and can control 
laser output 3 at high speed. 

Also, while the normal (expected) input/output 
characteristic of the laser oscillator in Fig. 11(a) is 
linear, the actual input/output characteristic of the 
laser oscillator 1 may be one of a plurality of 
complicated curves, as shown in Fig. 11(b). The 
actual input/output characteristic of the laser os- 
cillator 1 departs from the linear representation 
shown in Fig. 11(a) because of the effects of aging 
and the like. For example, as shown in Figure 11- 
(b), the input/output characteristics of a gas-closed- 
type carbon dioxide (CO2) laser oscillator changes 
with the increase of time t. As the laser oscillator 
ages, the intensity of the output decreases for a 
given amount of excitation so that it is necessary to 
increase the excitation (i.e., laser oscillator input 
signal value) in order to compensate for the de- 
creasing intensity caused by aging. Thus, when 
time passes from to through t3 the threshold excita- 
tion values (i.e., the values in which the laser 
output is generated) move towards the right and 
each subsequent characteristic curve has a gentler 
slope. Thus, as the laser oscillator 1 ages, the 
actual input/output characteristic departs from the 
normal input/output characteristic. Without compen- 
sating for this departure, a large error may occur in 
using the laser oscillator as a source in a machin- 
ing operation or the like. 

Moreover, the conventional apparatus is not 
provided with a function capable of indicating in a 
certain form that the input/output characteristic of 
the laser oscillator diverges significantly from a 
normal (expected) input/output characteristic, and 
thus the existence of such divergence is not known 



to an operator, thereby posing a problem in prac- 
tical use. Also, the use of the laser apparatus under 
such divergent conditions may prevent adequate 
protection of oscillator energizing power supply 
5 hardware. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present inven- 
10 tion to overcome the problems and disadvantages 
of the prior art discussed above. 

An object of the invention is to provide an 
apparatus and method which allows the laser out- 
put of a laser oscillator to accurately respond to an 
75 external intensity command by basing the laser 
oscillator input signal on an approximation of the 
actual input/output characteristic of the laser os- 
cillator. 

A further object of the invention is to provide 

20 an apparatus which applies a specific compensa- 
tion process under actual cutting conditions, i.e., 
while a laser beam is used as a source output to 
cut an external workpiece. 

Yet another object of the invention is to employ 

25 specific compensation processes both under non- 
cutting (off-line) conditions (i.e., while a laser beam 
is not output to an external workpiece), and also 
under actual cutting conditions (on-line mode) (i.e., 
while the laser beam is output to the external 

30 workpiece). 

An additional object of the invention is to pro- 
vide an apparatus and method which displays an 
error when the detected input/output characteristic 
of a laser oscillator has departed considerably from 

35 a normal input/output characteristic. 

In accordance with the present invention, there 
is provided an apparatus according to claim 1 and 
a method according to claim 5. The apparatus 
approximates the actual input/output characteristic 

40 of a laser oscillator. In the invention, a plurality of 
laser oscillator input command signal values are 
input to a laser oscillator and a plurality of output 
signal values respectively output from the laser 
oscillator in response to the input command signals 

45 are detected and used to approximate the in- 
put/output characteristic pattern of the laser oscilla- 
tor. The characteristic pattern thus approximated is 
then stored in a storage device prior to use in an 
on-line mode. 

50 In another aspect of the present invention, a 

compensation operation is carried out only when a 
laser oscillator input command signal value ls(Tn) 
is approximately equal to the input command sig- 
nal value ls(Tn + t). When the compensation opera- 

55 tion is performed, the laser oscillator input com- 
mand signal value ls(Tn + t) at a time (Tn+t) 
(where time t is smaller than time T) and the 
corresponding output detection signal value Wr- 
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(Tn+t) of the laser output detector, which have 
been previously stored in a storage device, are 
used in the compensation operation. 

In yet another aspect of the present invention, 
the laser output controlling apparatus offers auto- 
matic compensation for the input/output character- 
istic of the laser oscillator by employing specific 
compensation processes in both off-line and on-line 
modes for automatically compensating for the in- 
put/output characteristic of the laser oscillator. 

In an additional aspect of the present invention, 
the apparatus provides a certain error display when 
the input/output characteristic of the laser oscillator 
has departed considerably from a normal (expect- 
ed) characteristic, thereby ensuring protection of an 
oscillator energizing power supply. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an apparatus 
illustrating a preferred embodiment of invention. 

Fig. 2 is a graph illustrating an actual in- 
put/output characteristic of a laser oscillator as ap- 
proximated in accordance with the present inven- 
tion. 

Figs. 3 and 4 are flowcharts showing the oper- 
ational flow of the preferred embodiments of the 
invention. 

Figs. 5(a) to 5(c) illustrate a laser oscillator 
input signal and a laser output signal at compensa- 
tion operation intervals and time periods in accor- 
dance with the invention. 

Fig. 6 is a graph illustrating a compensation 
value for the laser oscillator input signal. 

Fig. 7 is a block diagram of an apparatus 
illustrating a preferred embodiment of an invention. 

Fig. 8 is a graph illustrating a range of normal 
input/output characteristics of a laser oscillator. 

Fig. 9 is a block diagram illustrating the ar- 
rangement of a laser output controlling apparatus 
known in the art. 

Fig. 10 is a block diagram illustrating the ar- 
rangement of another laser output controlling ap- 
paratus known in the art. 

Figs. 11(a) and 11(b) are graphs illustrating 
normal (expected) and actual laser oscillator char- 
acteristics, respectively. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A first embodiment of the present invention will 
be described with reference to Fig. 1 . In the Figure, 
a fractional part 3A of a laser beam output 3 that is 
output from a laser oscillator 1 is diverted by a 
partial reflector 2 and is detected by a laser output 
detector 4, e.g., comprising a thermocouple, to 
detect the intensity of the laser output 3. Laser 



beam 3B is the remaining portion of laser output 3 
that is passed (not diverted) by partial reflector 2. 
The output signal 4A of the laser output detector 4 
has a signal output detection value that is propor- 
5 tional to the intensity of the laser output 3. The 
output 4A of the laser output detector 4 and an 
external intensity command 5, which is a voltage 
signal proportional to a desired laser intensity (en- 
ergy level) output, are input to a processing unit 7. 

w The input/output characteristic pattern of the laser 
oscillator 1 is stored prior to operation in a storage 
device 8. This input/output characteristic pattern 
also is fed to the processing unit 7, which is 
designed to produce a laser oscillator input signal 

75 9 based on the stored input/output characteristic 
pattern, the output detection value, and the inten- 
sity command 5. In this embodiment, the process- 
ing unit 7 and storage device 8 may be imple- 
mented by microprocessors, allowing their control 

20 functions to be changed easily by changing micro- 
code (programs) in a manner well known in the art. 

Along the optical axis of the laser beam 3 is 
installed a total reflector apparatus 10. The reflector 
apparatus 10 is composed of a mechanism which 

25 allows a total reflector surface to be disposed ei- 
ther in a first position for reflecting 100% of laser 
beam portion 3B along a path 10A, or in a second 
position for transmitting the laser beam 3B without 
reflection, as designated by a controller (not 

30 shown). When the beam 3B is reflected by the total 
reflector apparatus 10, the optical axis of the re- 
flected light path 10A will be at a given angle with 
respect to the optical axis of the laser beam 3B. 
Along the reflected light axis is an absorber 11 

35 which is disposed so that the reflected light is 
incident thereon and totally absorbed. 

In the first position, no laser output reaches an 
intended target (e.g., workpiece to be cut). Thus, 
the workpiece may be safely placed in front of the 

40 controlling apparatus in the proper position to re- 
ceive the laser beam when the controller moves 
the total reflector 10 to the second position. 

The operation of the first embodiment will now 
be described with reference to Figs. 2 and 3. First, 

45 an operation for approximating the input/output 
characteristic pursuant to the present invention will 
be described in accordance with Fig. 3. Fig. 3 is a 
flowchart illustrating the operational flow of the ap- 
paratus shown in Fig. 1. This operation may be 

so controlled by a program stored in the storage de- 
vice 8 as microcode. • 

Following a start of the program at step S 10, 
the apparatus determines whether the laser beam 
is being output to an external target (e.g., work- 

55 piece), step S 11. If the laser beam 3B output by 
the laser oscillator 1 is being reflected by the total 
reflector apparatus 10 into the absorber 11, i.e., off- 
line mode; when actual cutting is not carried out, 
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the processing unit 7 outputs a signal value Xa to 
the laser oscillator 1 as the laser oscillator input 
signal 9 at step S 12. After waiting for a predeter- 
mined period of time t in a subsequent step S 13, 
where t corresponds to the time constant or re- 
sponse delay of the laser output detector 4, the 
processing unit 7 receives a laser output signal 
value Ya from laser output detector 4. This signal 
value Ya is output in response to laser oscillator 
input signal Xa. The processing unit 7 then stores 
both the input value Xa and corresponding output 
value Ya in the storage device 8 as a data pair (Xa, 
Ya) at step S 14. Similarly, in steps S 15-17 and 
steps 18-20, respectively, laser outputs Yb and Yc 
responsive to laser oscillator input signals Xb and 
Xc are input and stored in the storage device 8 as 
data pairs (Xb, Yb) and (Xc, Yc), respectively. 
Thus, three different laser oscillator output values 
responsive to three arbitrary laser oscillator input 
signals (input command values) are obtained. 

Using the three data pairs thus obtained, the 
processing unit 7 determines the input/output char- 
acteristic of laser oscillator 1 which is actually 
represented by a curve. In particular, processing 
unit 7 determines the actual input/output character- 
istic by approximating the curve using two seg- 
ments based on the three data pairs thus obtained. 
A first segment ac shown in Fig. 2 is determined 
by employing data pairs (Xa, Ya) and (Xc, Yc), in 
step S 21 . This segment ac can be represented by 
the following linear expression: 



wherein, 



X = (A1/B1)*Y + C1 



A1 = Xc - Xa 
B1 = Yc - Ya 
C1 = Xc - (A1/B1)*Yc 



(1) 



Similarly, a segment cb is determined by em- 
ploying data pairs (Xc, Yc) and (Xb, Yb), in step S 
22. This segment cb can be represented by the 
following linear expression: 



X = (A2/B2)*Y + C2 (2) 



wherein, 



A2 = Xb - Xc 
B2 = Yb - Yc 
C2 = Xb - (A2/B2)"Yb 

In accordance with the present invention, the 
input/output characteristic of the laser oscillator is 
approximated by two segments using the three 
data pairs obtained above. As is clear from Fig. 2, 
the actual input/output characteristic can be more 



accurately represented by the two segments than 
by a single straight line ab, as in the conventional 
apparatus. 

After approximating the actual input/output 
5 characteristic of the laser oscillator, the approxi- 
mated characteristic is stored in storage device 8 
in step S 23. During initialization of the controlling 
apparatus, the approximation data is stored in the 
storage device 8 as an original input/output char- 
to acteristic. However, it should be noted that the 
procedure may be repeated at predetermined inter- 
vals T so as to provide an approximate representa- 
tion of the actual input/output characteristic under 
the most recent conditions of the laser oscillator. 
75 The program comes to an end at step S 24 when 
the approximation is rewritten, or when it is deter- 
mined at step S 1 1 that the laser output is applied 
to a target (e.g., workpiece). 

A compensating operation in the on-line mode 
20 (e.g., when a laser output is applied to a target) will 
now be described in accordance with Fig. 4, which 
is a flowchart illustrating the operational flow of the 
apparatus shown in Fig. 1, after a start at step S 

30. When the laser beam 3B output by the laser 
25 oscillator 1 is being output intact without being 

reflected by the total reflector 10, as determined in 
step S 31, the processing unit 7 is enabled. At step 
S 32, the unit 7 stores a laser oscillator input 
command as a value ls(T1) and stores a cor- 

30 responding output intensity detection signal 4A as 
value Wr(T1 ) at time T1 at step S 33. The process- 
ing unit 7 then waits for time t, beginning at T1 at 
step S 33, after which time it stores an input 
command value ls(T1 +t) and corresponding output 

35 detection value Wr(T1 +t) at time T1 +t in the stor- 
age device 8 at step S 34. At step S 35, the 
processing unit 7 determines whether the input 
command value ls(T1) is equal to or approximately 
equal to the input command value Is(T1 +t). If the 

40 input command value ls(T1) is not equal to the 
input command value ls(T1 +t) (the NO path at 
step S 35), the compensation operation is not car- 
ried out and the program returns to step S 31. 
Where the compensation value for the compensa- 

45 tion operation is determined at step S 36, the value 
is added to or subtracted from the input/output 
characteristic of the laser oscillator already stored 
(i.e., before T1) in the storage device 8 at step S 
37. 

so As stated above, at predetermined time inter- 

vals of period T, as -determined at step S 38, the 
above sequence is repeated by returning to step S 

31. For example, at time T2, a laser oscillator input 
command value ls(T2) and an output detection 

55 value Wr(T2) are stored into the storage device 8. 
At time T2 + t, the processing unit 7 stores an input 
command value ls(T2 + t) and an output detection 
value Wr(T2 + t) in the storage device 8, and the 
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remaining steps are performed in a similar manner 
as described above. The flow ends at step S 39 
when it is determined at step S 31 that the laser 
beam 3B is not externally transmitted outside the 
apparatus (e.g., to a workpiece). 

The sequence of operations, in Figs. 3 and 4 
may be further understood with reference to Figs. 
5(a) - 5(c). Referring to Figs. 5(a) and 5(b), ls(T1) is 
equal to ls(T1 +t) at time T1 +t, therefore, the com- 
pensation operation can be performed. 

As in the conventional apparatus, the process- 
ing unit 7 automatically compensates the in- 
put/output characteristic pattern stored in the stor- 
age device 8 by adding or subtracting a com- 
pensation value to the laser oscillator input signal 9 
determined from the stored pattern. At time T2 + t, 
however, ls(T2) is not equal to ls(T2 + t), thus, the 
processing unit 7 of the present invention will not 
perform the compensation operation. In particular, 
when the input signal corresponds to ls(T2 + t), the 
laser output detection signal is expected to be, for 
example, a value n w." However, as shown in Fig. 
5(c), the detection value 4A of the laser output 
signal at that time has not yet reached "w," and is 
instead a value Wr(T2 +t) due to the slow response 
of the laser output detector 4. Clearly, "w" is not 
equal to Wr(T2 + t). Thus, if compensation is made 
at time T2 + t, an incorrect compensation value 
may result because, as will be described in more 
detail below, the compensation value is related to 
the actual laser output signal detected. Thus, the 
time t must be chosen such that it is larger than 
the time constant (delay) t of the laser output 
detector 4 in order to ensure that the compensation 
operation is performed correctly. 

A method of finding the compensation value 
will now be described in accordance with Fig. 6, 
which is a graph showing the laser oscillator input 
signal 9 in the X axis and the output detection 
signal of the laser output detector 4 in the Y axis. A 
segment ab is part of the input/output characteristic 
of the laser oscillator as stored prior to operation in 
the storage device 8. If the segment ab is approxi- 
mated by a linear expression, it is represented as 
follows: 

X = (A/B)*Y + C (3) 

wherein, 

A = Xb - Xa 
' B = Yb - Ya 

C = Xb- (A/B)*Yb 

Supposing Is is a laser oscillator input signal 9 
stored in the storage device 8 as corresponding to 
an external intensity command having a desired 
value Wr, when the actual laser output detection 



signal is Wr' (on the assumption that Wr is greater 
than Wr'), a compensation value Ax for the laser 
oscillator input signal 9 is found by the following 
expression: 

5 

Ax= (Wr- Wr')WB (4) 

Hence, a laser oscillator input signal value Is' cor- 
responding to the desired laser intensity Wr is 
w given by the following expression: 

Is* = Is + Ax 

Thus, if the laser oscillator characteristic 

15 changes while the control apparatus is in an on-line 
mode (i.e., when a cutting operation is actually 
performed), the laser oscillator input signal 9 can 
be continuously compensated for at intervals of 
predetermined time T to maintain the proper rela- 

20 tionship between input command 5 and laser out- 
put 3, unlike the conventional apparatus. 

An operation using both the function of ap- 
proximating the input/output characteristic in the 
off-line mode and also the function of compensat- 

25 ing the laser output in the on-line mode will now be 
described. When the laser beam 3B is not output 
to the outside target (off-line mode), laser output 
values corresponding to laser oscillator input com- 
mand values at an arbitrary three or more points 

30 are stored and then employed to approximate the 
actual input/output characteristic pattern of the la- 
ser oscillator as described above. When the laser 
beam 3B is output to the outside target (on-line 
mode), a laser oscillator input command value Is- 

35 (Tn) at intervals of given time T and a correspond- 
ing laser output detection value Wr(Tn) are stored, 
and an input command value ls(Tn + t) and a cor- 
responding laser output value Wr(Tn + t) are also 
stored. Only when the input command value Is(Tn) 

40 is equal to or approximately equal to the input 
command value ls(Tn + t) is the compensation op- 
eration carried out. 

A second embodiment of the present invention 
will now be described in accordance with Figs. 7 

45 and 8. This second embodiment differs from the 
above described embodiment mainly in that it is 
equipped with a display device. Prior to the cutting 
operation, a plurality of normal (expected) in- 
put/output characteristic patterns having an optional 

so limited range (width) as shown by the hatched area 
between the solid lines in Fig 8 are stored in 
storage device 8. A processing unit 7 determines 
the actual input command value 9 to a laser oscilla- 
tor 1 . The intensity of a laser beam 3 output by the 

55 laser oscillator 1 in response to the input command 
value 9 is detected by a laser output detector 4. 
Employing each of the detected laser output value 
and input command value, the processing unit 7 
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determines the actual input/output characteristic 
pattern of the laser oscillator 1 . 

The processing unit 7 provides a certain error 
display (e.g., an optical signal or a contact signal) 
on a display device 12 when the input/output char- 
acteristic of the laser oscillator found by the opera- 
tion has departed from the prestored range of 
normal characteristic patterns. When, for example, 
the actual laser oscillator input/output characteristic 
is found to be on line LI, the processing unit 7 
determines that the characteristic pattern falls with- 
in the range of normal input/output characteristics, 
and thus no error display is provided on the display 
device 12. However, where the characteristic pat- 
tern is found to be outside of the hatched area 
(e.g., L2), the display device 12 displays an error 
signal to alert the operator of a departure from the 
normal input/output characteristic range. Having 
been alerted of an error, the operator can imme- 
diately terminate the cutting operation to avoid any 
harm to the controlling apparatus, machine tool, 
power supply, etc. 

Having described the preferred embodiments 
of the present invention, it is believed obvious that 
other modifications and variations of the invention 
are possible in light of the above teachings. It is 
therefore to be understood that changes may be 
made in the particular embodiment of the invention 
described which are within the full intended scope 
of the invention as defined by the appended 
claims. 

Claims 

1. A laser output controlling apparatus for control- 
ling intensity of a laser beam output (3) from a 
laser source (1) in response to an external 
command (5) specifying a desired level of in- 
tensity of the laser beam output, the controlling 
apparatus comprising: 

a laser output detector (4) detecting the 
intensity of the laser beam output (3) by said 
laser source (1), and generating a detection 
output signal (4A) representative of the inten- 
sity thus detected; and 

a processing unit (7) determining an input 
intensity command signal (9) for controlling 
said laser oscillator (1) based on at least the 
detection output signal (4A) of said laser output 
detector (4) and the external command (5), 
wherein said processing unit (7) determines an 
input/output characteristic pattern of said laser 
oscillator using a plurality of input intensity 
command signals used to control said laser 
oscillator, and using a plurality of laser beam 
output signals output by said laser oscillator in 
response to respective ones of said plurality of 
input intensity command signals, said process- 



ing unit (7) outputting said intensity command 
signal (9) to said laser oscillator (1) on the 
basis of the input/output characteristic pattern 
thus determined. 

5 

2. The laser output controlling apparatus as de- 
fined in claim 1, further comprising a storage 
device (8) used to store said input/output char- 
acteristic pattern determined by said process- 
to ing unit (7), wherein the laser source (1) for 

generating the laser beam output is a laser 
oscillator, and wherein said processing unit (7) 
performs a compensation operation that com- 
pensates the input intensity command signal 

75 (9) determined on the basis of the stored char- 
acteristic pattern to compensate the intensity 
command signal for a shift of an input/output 
characteristic of the laser oscillator (1) from the 
time said processing unit (7) determined and 

20 stored the pattern in said storage device (8), 

said compensation operation being performed 
only when a detection output signal (4A) from 
said laser output detector (4) is the same at 
time T as it is at a later time T + t. 

25 

3. The laser output controlling apparatus as de- 
fined in claim 2, wherein said processing unit 
(7) approximates the input/output characteristic 
of the laser oscillator (1) when the laser beam 

30 output by the laser oscillator is not externally 

output by the laser output controlling appara- 
tus, said processing unit (7) determines the 
input/output characteristic pattern of said laser 
oscillator (1) using at least three sampled val- 

35 ues of the input intensity command signal (9) 

and at least three corresponding laser beam 
output signals (4A), and wherein said process- 
ing unit (7) determines whether or not to per- 
form the compensation operation at intervals of 

40 predetermined time T, wherein T is a time 

period larger than t, wherein t is a time con- 
stant that is greater than or equal to a re- 
sponse delay of said laser output detector (4). 

45 4. The laser output controlling apparatus as de- 
fined in claim 1, further comprising a display 
device (12), coupled to said processing unit 
(7), displaying an error condition when the 
input/output characteristic pattern determined 

so by said processing unit is beyond a range of 

patterns determined by said processing unit 
and stored in said storage device. 

5. A method of controlling a laser source (1) to 
55 output a laser beam (3) with a controlled inten- 

sity in accordance with an external command 
(5) specifying a desired level of intensity of the 
laser beam output, the method comprising the 
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steps of: 

detecting the intensity of the laser beam 
(3) output by said laser source (1), and produc- 
ing a laser intensity output signal (4A) repre- 
sentative of the intensity thus detected; 5 

receiving said laser intensity output signal 
(4A) and the external command (5), producing 
an input intensity command signal (9) based 
on said laser intensity output signal and the 
external command; io 

forming a plurality of data pairs by arbitrar- 
ily sampling a plurality of input intensity com- 
mand signals (9) and sampling corresponding 
laser output signals (4A) produced in response 
to said plurality of input intensity command 75 
signals; and 

approximating an input/output characteris- 
tic pattern of said laser source (1 ) on the basis 
of said plurality of data pairs formed, wherein 
the step of producing an input intensity com- 20 
mand signal (9) is performed on the basis of 
the input/output characteristic pattern thus ap- 
proximated. 

6. The method of controlling a laser source as 25 
recited in claim 5, wherein said approximating 
step is performed with at least intensity com- 
mand signals used to form a plurality of line 
segments for approximating the input/output 
characteristic pattern of said laser source (1). 30 

7. The method of controlling a laser source as 
recited in claim 6, further comprising the step 
of compensating an input intensity command 
signal by performing the steps of: 35 

comparing the input intensity command 
signal that was produced in said producing 
step with the external command signal specify- 
ing the desired level for the laser output inten- 
sity, and producing a difference signal repre- 40 
sentative of the difference thereof; and 

summing said difference signal with the 
input intensity command signal to produce a 
compensated input intensity command signal. 

45 

8. The method of controlling a laser source as 
recited in claim 7, wherein the step of com- 
pensating is performed only if the input inten- 
sity command signal at a time T is substan- 
tially equal to the input command signal at a 50 
time T + t. 

9. The method of controlling a laser source as 
recited in claim 8, further comprising the steps 

of: 55 

storing a range of input/output characteris- 
tics of said laser source (1 ); and 

producing an error display if the in- 



put/output characteristic pattern produced in 
said approximating step is beyond said range 
of input/output characteristics, wherein said la- 
ser source (1) is a laser oscillator. 

Patentanspruche 

1. Laserausgangssignalregelvorrichtung zum Re- 
geln der Intensitat eines Laserstrahls (3), der 
von einer Laserquelle (1) in Reaktion auf einen 
externen Befehl (5) ausgegeben wird, der ei- 
nen gewUnschten Intensitatspegel des ausge- 
gebenen Laserstrahls festlegt, wobei die Re- 
gelvorrichtung aufweist: 

einen Laserausgangssignaldetektor (4), der die 
Intensitat des von der Laserquelle (1) ausgege- 
benen Laserstrahls (3) feststellt, und ein Erfas- 
sungsausgangssignal (4A) erzeugt, welches die 
auf diese Weise erfaflte Intensitat reprasentiert; 
und 

eine Bearbeitungseinheit (7), welche ein Ein- 
gangsintensitatsbefehlssignal (9) festlegt, urn 
den Laseroszillator (1) auf der Grundlage zu- 
mindest des Erfassungsausgangssignals (4A) 
des Laserausgangssignaldetektors (4) und des 
externen Befehls (5) zu steuern, wobei die 
Bearbeitungseinheit (7) ein Eingangs-/Aus- 
gangscharakteristikmuster des Laseroszillators 
unter Verwendung mehrerer Eingangsintensi- 
tatsbefehlssignale bestimmt, die zum Steuern 
des Laseroszillators verwendet werden, und 
mehrere Laserstrahlausgangssignale verwen- 
det, die von dem Laseroszillator in Reaktion 
auf das jeweilige Eingangsintensitatsbefehlssi- 
gnal ausgegeben werden, wobei die Bearbei- 
tungseinheit (7) das Intensitatsbefehlssignal (9) 
an den Laseroszillator (1) auf der Grundlage 
des auf diese Weise festgelegten Eingangs- 
/Ausgangscharakteristikmusters ausgibt. 

2. Laserausgangssignalregelvorrichtung nach An- 
spruch 1, welche weiterhin eine Speichervor- 
richtung (8) aufweist, die zum Speichern des 
Eingangs-ZAusgangscharakteristikmusters ver- 
wendet wird, welches von der Bearbeitungsein- 
heit (7) festgelegt wird, wobei die Laserquelle 
(1) zur Erzeugung des ausgegebenen Laser- 
strahls ein Laseroszillator ist, und die Bearbei- 
tungseinheit (7) einen Kompensationsvorgang 
durchfuhrt, welcher das Eingangsintensitatsbe- 
fehlssignal (9) korrrpensiert, das auf der Grund- 
lage des gespeicherten Charakteristikmusters 
festgelegt wird, urn das Intensitatsbefehlssignal 
bei einer Verschiebung einer Eingangs-/Aus- 
gangscharakteristik des Laseroszillators (1) seit 
dem Zeitpunkt zu kompensieren, an welchem 
die Bearbeitungseinheit (7) das Muster ermit- 
telt und in der Speichervorrichtung (8) gespei- 
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chert hat, wobei der Kompensationsvorgang 
nur dann durchgefUhrt wird, wenn ein Erfas- 
sungsausgangssignal (4A) von dem Laseraus- 
gangssignaldetektor (4) zum Zeitpunkt T das- 
selbe ist wie zu einem spateren Zeitpunkt T + 5 
t. 

3. Laserausgangssignalregelvorrichtung nach An- 
spruch 2, bei welcher die Bearbeitungseinheit 

(7) die Eingangs-/Ausgangscharakteristik des 10 
Laseroszillators (1) approximiert, wenn der La- 
serstrahl, der von dem Laseroszillator ausge- 
geben wird, von der Laserausgangssignalregei- 
vorrichtung nicht nach auBen ausgegeben wird, 
wobei die Bearbeitungseinheit (7) das Ein- 75 
gangs-/Ausgangscharakteristikmuster des La- 
seroszillators (1) unter Verwendung zumindest 
dreier Probenwerte des Eingangsintensitatsbe- 
fehlssignals (9) und zumindest dreier entspre- 
chender Laserstrahlausgangssignale (4A) be- 20 
stimmt, und wobei die Bearbeitungseinheit (7) 
festlegt, ob der Kompensationsvorgang in In- 
tervallen einer vorbestimmten Zeitdauer T 
durchgefUhrt werden soil Oder nicht, wobei T 
ein Zeitraum ist, der langer ist als t, wobei t 25 
eine Zeitkonstante ist, die groBer Oder gleich 
einer Reaktionsverzogerung des Laseraus- 
gangssignaldetektors (4) ist. 

4. Laserausgangssignalregelvorrichtung nach An- 30 
spruch 1, die weiterhin eine Anzeigevorrich- 
tung (12) aufweist, die an die Bearbeitungsein- 
heit (7) angeschlossen ist und einen Fehlerzu- 
stand anzeigt, wenn das Eingangs-/Ausgang- 
scharakteristikmuster, welches von der Bear- 35 
beitungseinheit ermittelt wird, auBerhalb eines 
Bereiches von Mustern liegt, der von der Bear- 
beitungseinheit festgelegt und in der Speicher- 
vorrichtung gespeichert wird. 

40 

5. Verfahren zum Regeln einer Laserquelle (1) 
zur Ausgabe eines Laserstrahls (3) mit einer 
geregelten Intensitat entsprechend einem ex- 
ternen Befehl (5), der einen gewunschten In- 
tensitatspegel des ausgegebenen Laserstrahls 45 
festlegt, mit folgenden Schritten: 

Erfassung der Intensitat des von der Laser- 
quelle (1) ausgegebenen Laserstrahls (3), und 
Erzeugen eines Laserintensitatsausgangssi- 
gnals (4A), welches fur die so erfaBte Intensitat 50 
reprasentativ ist; 

Empfangen des Laserintensitatsausgangssi- 
gnals (4A) und des externen Befehls (5), und 
Erzeugen eines Eingangsintensitatsbefehlssi- 
gnals (9) auf der Grundlage des Laserintensi- 55 
tatsausgangssignals und des externen Befehls; 
Erzeugen mehrerer Datenpaare durch frei 
wahlbares Abtasten mehrerer Eingangsintensi- 



tatsbefehlssignale (9) und Abtasten entspre- 
chender Laserausgangssignale (4A), die in Re- 
aktion auf die mehreren Eingangsintensitatsbe- 
fehlssignale erzeugt werden; und 
Approximieren eines Eingangs-/Ausgangschar- 
akteristikmusters der Laserquelle (1) auf der 
Grundlage der mehreren erzeugten Datenpaa- 
re, wobei der Schritt der Erzeugung eines Ein- 
gangsintensitatsbefehlssignals (9) auf der 
Grundlage des so approximierten Eingangs- 
/Ausgangscharakteristikmusters durchgefUhrt 
wird. 

6. Verfahren zum Regeln einer Laserquelle nach 
Anspruch 5, bei welchem der Approximations- 
schritt zumindest mit Intensitatsbefehlssignalen 
durchgefUhrt wird, die zur Ausbildung mehrerer 
Linienabschnitte zum Approximieren des Ein- 
gangs-/Ausgangscharakteristikmusters der La- 
serquelle (1) verwendet werden. 

7. Verfahren zum Regeln einer Laserquelle nach 
Anspruch 6, bei welchem weiterhin der Schritt 
der Kompensation eines Eingangsintensitats- 
befehlssignals mittels Durchfuhrung fotgender 
Schritte vorgesehen ist: 

Vergleichen des Eingangsintensitatsbefehlssi- 
gnals, welches in dem Erzeugungsschritt er- 
zeugt wurde, mit dem externen Befehlssignal, 
welches den gewUnschten Pegel fur die Laser- 
ausgangsintensitat angibt, und Erzeugen eines 
Differenzsignals, welches deren Differenz dar- 
stellt; und 

Summieren des Differenzsignals mit dem Ein- 
gangsintensitatsbefehlssignal zur Erzeugung 
eines kompensierten Eingangsintensitatsbe- 
fehlssignals. 

8. Verfahren zum Regeln einer Laserquelle nach 
Anspruch 7, bei welchem der Kompensations- 
schritt nur dann durchgefuhrt wird, wenn das 
Eingangsintensitatsbefehlssignal zu einem 
Zeitpunkt T im wesentlichen gleich dem Ein- 
gangsbefehlssignal zu einem Zeitpunkt T + t 
ist. 

9. Verfahren zum Regeln einer Laserquelle nach 
Anspruch 8, mit folgenden weiteren Schritten: 
Speichern eines Bereichs von EingangsVAus- 
gangscharakteristiken der Laserquelle (1 ); und 
Erzeugen einer 'Fehleranzeige, wenn das Ein- 
gangs-ZAusgangscharakteristikmuster, welches 
in dem Approximationsschritt erzeugt wurde, 
auBerhalb des Bereiches der Eingangs-/Aus- 
gangscharakteristiken liegt, wobei die Laser- 
quelle (1) ein Laseroszillator ist. 
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Revendlcations 

1. Appareil de commande de la sortie d'un laser, 
pour commander I'intensite d'un faisceau laser 

(3) emis par une source laser (1) en rgponse k 5 
un ordre de I'exterieur (5) sp^ciflant un niveau 
voulu d'intensite du faisceau laser emis, I'ap- 
pareil de commande comportant: 

un detecteur (4) de sortie laser detectant 
I'intensite du faisceau laser (3) emis par ladite 10 
source laser (1) et creant un signal de sortie 
de detection (4A) repr^sentant I'intensite ainsi 
detectee; et 

une unite de traitement (7) determinant un 
signal (9) de commande d'intensite d'entree, 75 
pour commander ledit oscillateur laser (1) sur 
base au moins du signal (4A) de sortie de 
detection dudit detecteur (4) de sortie laser et 
de I'ordre de I'exterieur (5), dans lequel ladite 
unite de traitement (7) determine une courbe 20 
caracteristique d'entree/sortie dudit oscillateur 
laser en utilisant plusieurs signaux de com- 
mande d'intensite d'entree utilises pour com- 
mander ledit oscillateur laser, et utilisant plu- 
sieurs signaux de faisceau laser emis fournis 25 
par ledit oscillateur laser en niponse aux si- 
gnaux de commande d'intensite d'entree res- 
pectifs, ladite unite de traitement (7) deiivrant 
ledit signal de commande d'intensite (9) audit 
oscillateur laser (1) sur base de la courbe 30 
caracteristique d 'entree/sortie ainsi determinee. 

2. Appareil de commande de la sortie d'un laser 
selon la revendication 1, comportant en outre 

un dispositif de memorisation (8) utilise pour 35 
conserver ladite courbe caracteristique d'en- 
tree/sortie determinee par ladite unite de traite- 
ment (7), dans lequel la source laser (1) ser- 
vant & produire le faisceau laser emis est un 
oscillateur laser, et dans lequel ladite unite de 40 
traitement (7) effectue une operation de com- 
pensation qui compense le signal de comman- 
de d'intensite d'entree (9) determine sur base 
de la courbe caracteristique conservee en me- 
moire pour compenser dans le signal de com- 45 
mande d'intensite un decalage d'une caracte- 
ristique d'entree/sortie de I'oscillateur laser (1) 
h partir du moment ou ladite unite de traite- 
ment (7) a determine et conserve en memoire 
la courbe dans ledit dispositif de memorisation 50 
(8), ladite operation de compensation n'etant 
effectuee que lorsqu'un signal de sortie de 
detection (4A) provenant dudit detecteur (4) de 
sortie laser est le meme & I'instant T qu'& un 
instant ulterieur T + t. 55 

3. Appareil de commande de la sortie d'un laser 
selon la revendication 2, dans lequel ladite 



unite de traitement (7) calcule une valeur ap- 
prochee de la caracteristique d'entree/sortie de 
I'oscillateur laser (1) lorsque le faisceau laser 
emis par I'oscillateur laser n'est pas emis a 
I'exterieur par I'appareil de commande de la 
sortie du laser, ladite unite de traitement (7) 
determinant la courbe caracteristique d'en- 
tree/sortie dudit oscillateur laser (1) en utilisant 
au moins trois valeurs echantillonnees du si- 
gnal de commande d'intensite d'entree (9) et 
au moins trois signaux (4A) correspondants de 
sortie du faisceau laser, et dans lequel ladite 
unite de traitement (7) determine s'il faut ou 
non effectuer I'operation de compensation a 
des intervalles de duree predeterminee T, ou T 
est une periode plus grande que t, t etant une 
constante de temps superieure ou egale h un 
temps de reponse dudit detecteur (4) de sortie 
laser. 

4. Appareil de commande de la sortie d'un laser 
selon la revendication 1, comportant en outre 
un dispositif d'affichage (12) couple a ladite 
unite de traitement (7), affichant un etat d'er- 
reur lorsque la courbe caracteristique d'en- 
tree/sortie determinee par ladite unite de traite- 
ment est en dehors d'une plage de courbes 
determinees par ladite unite de traitement et 
conservees dans ledit dispositif de memorisa- 
tion. 

5. Procede de commande d'une source laser (1), 
en vue d'emettre un faisceau laser (3) d'une 
intensite controiee conformement a un ordre 
de I'exterieur (5) specifiant un niveau voulu 
d'intensite du faisceau laser emis, le procede 
comportant les etapes consistant 

detecter I'intensite du faisceau laser (3) 
emis par ladite source laser (1) et fournir un 
signal (4A) d'intensite de sortie du laser repre- 
sentant I'intensite ainsi detectee; 

recevoir ledit signal (4A) d'intensite de sor- 
tie du laser et I'ordre de I'exterieur (5), produi- 
re un signal (9) de commande d'intensite d'en- 
tree sur base dudit signal d'intensite de sortie 
du laser et de la commande exterieure; 

former plusieurs paires de donnees en 
echantillonnant de manure arbitraire plusieurs 
signaux (9) de commande d'intensite d'entree 
et en echantillonnant des signaux (4A) corres- 
pondants de sortie du laser produits en repon- 
se auxdits plusieurs signaux de commande 
d'intensite d'entree; et 

determiner une approximation de la courbe 
caracteristique d'entree/sortie de ladite source 
laser (1) sur base desdites plusieurs paires de 
donnees formees, I'etape de production d'un 
signal (9) de commande d'intensite d'entree 
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etant effective sur base de la courbe caracte- 
ristique d'entree/sortie ainsi approch^e. 

6. Proc6d6 de commande d'une source laser se- 

lon la revendication 5, dans lequel ladite etape 5 
d'approximation est effectuee avec au moins 
des signaux de commande d'intensite utilises 
pour former plusieurs segments de droite en 
vue d'approcher la courbe caracteristique d'en- 
tree/sortie de ladite source laser (1). 10 

7. Proc6d§ de commande d'une source laser se- 
lon la revendication 6, comportant en outre 
Tetape consistant & compenser un signal de 
commande d'intensite d'entree en effectuant 75 
les Stapes consistant 

comparer le signal de commande d'inten- 
site d'entree qui a ete produit dans ladite eta- 
pe de production, avec le signal de commande 
exteneur spe'cifiant le niveau voulu de I'intensi- 20 
t§ de sortie du laser, et produire un signal de 
difference repr^sentant leur difference; et 

additionner ledit signal de difference au 
signal de commande d'intensite d'entree pour 
fournir un signal compense de commande d'in- 25 
tensite d'entree. 

8. Proced£ de commande d'une source laser se- 
lon la revendication 7, dans lequel I'etape de 
compensation est effectuee uniquement si le 30 
signal de commande d'intensite d'entree & un 
instant T est essentiellement e*gal au signal de 
commande d'entree h un instant T + t. 

9. Procede de commande d'une source laser se- 35 
Ion la revendication 8, comportant en outre les 
Stapes consistant 

conserver en memoire une plage de ca- 
racteristiques d'entree/sortie de ladite source 
laser (1); et 40 

fournir un affichage d erreur si la courbe 
caracteristique d'entree/sortie produite dans la- 
dite etape d'approximation est en dehors de 
ladite plage de caracteristiques d'entree/sortie, 
ladite source laser (1) etant un oscillateur laser. 45 
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